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INTRODUCTION
In Brazil, the sugarcane planted area is estimated at 8.61 million hectares in the 2018/2019 season, which represents a total production of 625.96 million tons (CONAB, 2018) .
The mechanized spraying system of sugarcane has its productive functioning in the field and auxiliary operation in the roads, the place where the replenishment with agricultural defensives occurs. For this, spraying machines need to run a distance between the field and replenishment pump. However, this distance influences the auxiliary time, especially the equipment service operational time. According to Santos et al. (2015a) , the service operational time expresses the managerial conditions for the equipment to perform the operation considering several means of execution such as the distance between the field and replenishment pump.
According to Santos et al. (2015a) , the service operational time is composed of productive, accessory, auxiliary, inaptitude, lost, and worked time. These times represent the field efficiency (FE) of the machine in the system. For Araldi et al. (2013) ; Banchi et al. (2008a) ; Barbosa et al. (2015) ; Cervi et al. (2015) ; Jokiniemi et al. (2012) ; Oduma et al. (2015) ; Linhares et al. (2012) ; Ma et al. (2015) ; Nascimento et al. (2016) ; Neres et al. (2012) ; Rivera et al. (2012) ; Simões et al. (2011) and Yousif et al. (2013) , this is the ratio between effectively used time and total time for equipment operation. The operational time Santos et al. (2015a) ; Shamshiri & Ismail (2013) and Zhou et al. (2015) and Çanakci et al. (2011); Civelek & Say (2016) ; Santos et al. (2015b) ; Santos et al. (2014a) and Zaied et al. (2014) have a participation in the equipment operational performance, which has a direct influence on the economic performance.
For this, the management of agricultural machinery refers to their operational and economic performance. The operational performance considers the variable field efficiency and the economic variable is formed by the annual fixed and hourly costs, as well as with fuel, repair, maintenance, and operational (Balastreire, 1990; Hunt, 1995; Mialhe, 1974) .
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MATERIAL AND METHODS
We considered a model scenario for a mill, called Fictitious Mill, with an area of 22,000 ha. Spraying system consisted of self-propelled, tractor-driven, and aerial hydraulic sprayers. The economic, technical, and operational characteristics of the equipment are shown in Table 1 . Figure 1 , elaborated according to the symbology proposed by (Oakland, 2007) .
The "TratoCana" Version 2.0 was developed in an Excel ® spreadsheet and Visual Basic ® programming language. The model begins its functioning (1) 2 with the crop data input (2), such as the area to be sprayed. The item (3) refers to the climate data input total number of days to perform spraying, working day, relative air humidity, air temperature, and wind speed. Crop and climate data resulted in the operational pace (4). Data input (5) refers to the technical/operational characteristics of ground spraying number of tips, spacing between tips, tip flow, replenishment time, average distance between the field and replenishment pump, average length of cultivation strip, operating speed, threshold maneuvering speed, replenishment speed, total volume of the sprayer tank, field efficiency, and others.
Data input (6) refers to the technical/operational characteristics of aerial spraying number of tips, spacing between tips, tip flow, replenishment time, average distance between the field and replenishment pump, average distance between the field and runway, average length of cultivation strip, operating speed, speed of transfer from the runway to the field, effective strip width, time of each return curve, ground time between each flight, aerial application rate, total volume of the sprayer tank, field efficiency, and others.
The operational pace associated with technical/operational characteristics of spraying determines the sprayer 3 operational performance, tractordriven sprayer, and airplane (7): time available, operational field capacity (OFC), application volume, total application flow rate, total displacement and replenishment time, total distance traveled, machine-hour, and number of equipment required. (8) initial value, final value, useful life in years and hours, interest per year, lodging, insurance, and taxes (LIT), fuel consumption, repair factor and maintenance, among others, allow calculating the economic performance (9), which refers to the cost per hour, area, and liter.
Model results (10) allow the user to assess the operational and economic performance of mechanized spraying and decide (11) on viability (12) or not. In case the spraying is not feasible for the user (13) or the user choose to assess another scenario, new data should be inserted.
Agroclimatic factors
Climate factor in the sugarcane mill was defined as the number of working days inappropriate for spraying (NWDIS), as the methodology proposed by (Santos, 2017) . This methodology considers agroclimatic parameters such as relative air humidity (RAH), wind speed (WS), and air temperature (AT).
In order to meet this proposal, we considered the average values of agroclimatic parameters of the Mill ( The number of working days inappropriate for spraying (NWDIS) was considered in the time available (TA), as the methodology of (Mialhe, 1974) .
Operational performance
The operational performance of the sprayer and tractor-driven sprayer were based on the proposals of (Mialhe, 1974; Santos et al., 2014b) . The purpose of these proposals is to define the number of equipment necessary to spray agricultural defensive in the sugarcane of the Mill.
The number of machines (NM) was calculated by the ratio between the operational pace (OP) and the operational field capacity (OFC) of the equipment.
The operational pace (OP) was calculated by the ratio between the area to be sprayed (AS) and the time available to perform the agricultural operation (TA).
The operational field capacity (OFC) was calculated by associating the total boom width (TBW), operating speed (OS), and field efficiency (FE).
The volume of spraying solution to be applied is in accordance with the proposal of (Matuo et al., 2010) . The application volume (AV) was calculated by the ratio between the tip flow (TF), spacing between tips (ST), and operational speed (OS).
The total application flow rate (TAF) was defined by the association of application volume (AV) and operational field capacity (OFC).
The displacement time for replenishment (DTR) corresponded the round trip time to the field. The displacement time was calculated by the ratio of the average distance between the field and replenishment pump (ADFRP) and the replenishment speed (RS).
The total time for displacement and replenishment (TTDR) corresponded to the time spent on going, replenishing in the pesticide tank, and returning to the field. The total time was calculated by the sum of the displacement time for replenishment (DTR) and replenishment time (RT).
The number of replenishments (NR) was defined by the ratio between the application volume (AV), area to be sprayed (AS), and total tank volume (TTV) of the equipment.
The threshold maneuvering distance (TMD) was determined by the turning radius of the threshold maneuvering (TRTM).
The threshold maneuvering time (TMT) was calculated by the ratio between the threshold maneuvering distance (TMD) and the threshold maneuvering speed (TMS).
The number of threshold maneuvering (NTM) was defined by the ratio between the area to be sprayed (AS), total boom width (TBW), and the average length of cultivation strip (ALCS).
The operational performance of the airplane is also in accordance with the proposal of Mialhe (1974) and Santos et al. (2014b) to define the number of required equipment, as described for the sprayer and tractor-driven sprayer.
The operational field capacity (OFC) of the airplane is in accordance with the adjusted proposal of (Araújo, 2009) . It is calculated by associating the total volume of the sprayer tank (TVST), application volume (AV), distance between the runway and the field (DRF), speed of transfer from the runway to the field (STRF), effective strip width (ESW), operating speed (OS), time of each return curve (TERC), average length of cultivation strip (ALCS), and ground time between each flight (GTEF).
Economic performance of sprayer
The total cost of the sprayer (TCS) was determined by the association between the operational cost of the sprayer (OCS) and the area to be sprayed (AS).
The operational cost of the sprayer (OCS) was defined as the ratio between the hourly cost of the sprayer (HCS) and the operational field capacity (OFC).
The operational cost of the sprayer application (OCSA) was determined by the ratio between the hourly cost of the sprayer (HCS) and the total application flow rate (TAF).
The hourly cost of the sprayer (HCS) was calculated by the sum of the fixed hourly cost of the sprayer (FHCS) and the variable cost of the sprayer (VCS).
The fixed hourly cost of the sprayer (FHCS) was calculated according to the methodology proposed by ASABE (2011), defined as the ratio between the annual fixed cost (AFC) and the number of hours worked per year (NHWY).
The variable cost of the sprayer (VCS) was defined by the sum of the cost of fuel (CF) and the cost of repair and maintenance (CRM).
The calculation of sprayer fuel consumption was adapted from Banchi et al. (2008b) by adopting the average values of consumption by motor power range of agricultural tractors.
The calculation of cost with repair and maintenance (CRM) and repair factor and maintenance (RFM) of sprayer are in accordance with (ASABE, 2011) .
Economic performance of tractor-driven sprayer
The total (TCTS), operational (OCTS), application operational (AOCTS), and hourly (HCTS) costs of the tractor-driven sprayer were calculated as for the selfpropelled sprayer.
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The variable cost of the tractor-driven sprayer (VCTS) was determined by the sum of the cost of the tractor fuel (CTF) and the repair and maintenance of machines (CRM).
For calculating the tractor fuel consumption, the average values of consumption by motor power range of the tractor were considered as proposed by (Banchi et al., 2008b) .
The calculation of cost with repair and maintenance (CRM) and repair and maintenance factor (RMF) of the tractor-driven sprayer are in accordance with (ASABE, 2011) .
Economic performance of the airplane
The total (TCA), operational (OCA), application operational (AOCA), and hourly (HCA) costs of the airplane were calculated as for the self-propelled and tractor-driven sprayers.
The fixed hourly cost of the airplane (FHCA) was calculated according to the methodology proposed by ASABE (2011), as calculated for the self-propelled and tractor-driven sprayers.
The variable cost of the airplane (VCA) was determined by the sum of the costs with fuel (CFA) and repair and maintenance of the airplane (CRM).
For airplane fuel consumption, an average value was considered according to the best power to be used and higher working regime, as in (EMBRAER/NEIVA, 2012) .
The calculation of cost with repair and maintenance of the airplane (CRMA) is in accordance with (ASABE, 2011) . The repair and maintenance factor (RMF) of the equipment is in accordance with the data provided by (PBA AVIATION, 2012).
Validation
The "TratoCana" Version 2.0 was validated by comparing the simulation results with raw (primary) data obtained in the field and with the bibliography data (secondary). The sensitivity and consistency analysis of the computational model was performed by the cost.
RESULTS AND DISCUSSION
Considering the average values of agroclimatic parameters of the Mill, which is related to the agroclimatic conditions of Rio Largo, AL, Brazil, in 2014, the number of working days inappropriate for spraying (NWDIS) and time available (TA) presented values of 257 days and 2,583 hours, respectively.
According to the results of the model scenario, the average distance between the field and replenishment pump influences the operational cost of the sprayer ( Figure  2 ). The increased distance led to a linear increase in cost. FIGURE 2. Operational cost of the sprayer and relative variation of the operational cost as a function of the average distance between the field and replenishment pump.
Although cost has a linear increase as distance increases, it has a slight influence on cost variation as it increases. In the distance of 500 m, operational cost variation was 0.95%, whereas, in 1,000 m, it was 1.93%. In the distance of 1,500 m, cost variation was only 2.95%, while in 2,000 m it was 4.00%, which represents a difference of 3.05% in relation to 500 m.
The average distance between the field and replenishment pump has a participation in the operational cost of the tractor-driven sprayer (Figure 3 ). The increased distance increases the cost in a linear way.
Engenharia Agrícola, Jaboticabal, v.38, n.5, p.805-812, sep./oct. 2018 FIGURE 3 . Operational cost of the tractor-driven sprayer and relative variation of the operational cost as a function of the average distance between the field and replenishment pump.
In the distance of 500 m, operational cost variation was 0.74% and in 1,000 m, it was 1.50%. For the distance of 1,500 m, cost variation was 2.28% whereas, in 2,000 m, it was 3.08%, which represents a difference of 2.34% in relation to the distance of 500 m.
According to the model scenario (Figures 2 and 3 ), the increased distance has a negative impact (variation) in the cost due to the time required (auxiliary hours) to go through the distance, which is a direct influence on the worked hours by machines.
The average distance between the field and replenishment pump has an interference with the operational cost of the airplane (Figure 4) . The increased distance presents a linear increase in the operational cost of the equipment. Engenharia Agrícola, Jaboticabal, v.38, n.5, p.805-812, sep./oct. 2018 In the distance of 10,000 m, cost variation increased by 11.59%, while in 20,000 m, this increase was 23.19%. For 30,000, 40,000, and 50,000 m, cost variation was 34.81, 46.44, and 58.07%, respectively. In this case, the negative impact on the operational cost of the machine occurs because the increased distance reduces the operational field capacity and hence the cost increase.
CONCLUSIONS
The increased average distance between the field and replenishment pump is disadvantageous to the operational cost of the machine.
Mills must adopt an excellent management method in order to facilitate the means of execution for the replenishment of agricultural defensives.
